Although my title is "Infiltrative Lung Disease," Dr. Carrington's term, "interstitial disease," would be just as appropriate. In contrast to his subject, I will discuss an interstitial disease which is usually reversible. You have heard that this is not what he wants in his animal models. THE HUMAN CHALLENGE Some persons who are exposed repeatedly to organic dusts eventually develop a diffuse lung disease with characteristic symptoms and signs. Inhalation of such dusts is followed within a few hours by cough, shortness of breath, malaise and fever. Prolonged exposure is associated with progressive dyspnea, weight loss, and, occasionally, permanent disability. The physical findings usually are less impressive than the symptoms. Auscultation of the lungs may reveal only a few localized moist rales, though diffuse coarse rales may appear with acute exacerbations. Pulmonary function tests show a restrictive defect, with a reduction in diffusion capacity. The syndrome is found in farmers exposed to moldy hay (Farmer's Lung), pigeon and parakeet fanciers, sugar cane workers (Bagassosis), and an increasing number of others, including (possibly) New Guinea natives living under moldy, thatched roofs. Radiographic abnormalities vary from fine diffuse granular densities to patchy, dense infiltrates; characteristically, all parts of the lungs are involved.
A detailed description of clinical and laboratory features, including the microscopic appearance of lung biopsies, can be found in a recent review by Rankin, et al.' There is now little doubt about the association of these diseases with specific hypersensitivity to the appropriate inhaled antigen. The mechanism is unrelated to that associated with allergic asthma.
We have studied three pigeon fanciers with typical symptoms and signs. As anticipated, all three recovered completely when they avoided handling pigeons in close quarters. Inhalation of a 1:100 dilution of pigeon serum reproduced the symptoms after a lag period of over four hours. I won't go into the background of why we used pigeon serum. The important thing to * Associate Professor of Medicine. ** Post-doctoral trainee (Public Health Service Training Grant TI-AI-1l) 1965-1967. remember is the lag period. The symptoms were associated with a drop in vital capacity and (more significant) in gaseous diffusion capacity. Neither these patients nor a majority of others developed symptoms, signs or ventilatory changes of asthma. All three sera contained precipitating antibodies to pigeon serum by standard immunodiffusion analysis in agar. These observations were similar to those described in the original reports.`' We then used pigeon serum to test for skin sensitivity in two volunteer patients, after ascertaining that they did not have the anaphylactic or atopic sensitivity which Dr. Patterson discussed so well relative to asthma. The results were most interesting. Nothing appeared until about four hours after the serum was put intradermally into the skin. Figure 1 is a photograph taken at 12 hours; the induration had reached maximum several hours before. Notice the clear-cut central hemorrhage which, along with the time of onset and the microscopic appearance (punch biopsy) was quite characteristic of an Arthus phenomenon. The reactions were almost gone by 48 hours. Passive direct and indirect Arthus reactions were also produced in guinea pigs using the patients' sera and pigeon serum.* A lung biopsy was obtained from one of our patients before anyone was aware of the association with pigeons which Dr. Reed and his group first recognized. Yet one pathologist did recognize and report the similarity of the lesions ( Figure 2 ) to those of Farmer's Lung. ' In general, if the antigen or antigens can be identified, convincing evidence for a hypersensitivity mechanism is not difficult to obtain. Symptoms and signs develop only on exposure to specific antigen and they can be reproduced by controlled inhalation of that antigen. Disease is associated with specific precipitating antibodies, which can produce tissue damage in the presence of antigen. Furthermore, the tissue damage produced in skin has the typical features of that induced in the experimental animal by a precipitating antigen-antibody reaction (Arthus phenomenon). However, we have no direct evidence that the antigen-antibody reaction is responsible for lung inflammation. Furthermore, precipitins occur in some individuals without apparent disease.' To get at this problem, one must attempt to reproduce the disease in animals. In addition, clues from animal studies might guide us in searching for causes of that majority of interstitial lung diseases that continues to baffle the clinician. * The passive direct Arthus reaction was performed by injecting the patient's serum (antibody) intravenously to a guinea pig and, immediately thereafter, injecting pigeon serum (antigen) intradermally. Induration and erythema developed in about 4 hours, followed by central hemorrhage. The passive indirect Arthus reaction was similar, except that antigen was given intravenously, and antibody locally. These reactions have significance because they can be produced only by precipitating antibody-antigen systems and provide indirect support for the hypothesis that precipitating antibody can mediate inflammatory tissue injury. a VANARSDEL, THUNE POSSIBLE ANIMAL MODELS Naturally acquired disorders Aware that I am in the same position as the blind man examining the elephant, I will proceed to examine the reports of certain diseases in cattle and horses.
It is not unreasonable that farm animals might develop something akin to Farmer's Lung. Let us consider "heaves" in horses once again. Lowell found, in his Eastern horses (perhaps a select group), that the disease was reversible, and he could reproduce symptoms when the animals were again exposed to moldy hay.' Seven horses were autopsied, and the major findings were bronchiolitis, eosinophilic infiltrates and fibrosis without generalized emphysema. ' Lowell also skin-tested some horses, using extracts of hay, dust, and molds, with interesting results. Positive reactions reached their maximum only after three or four hours and lasted about six hours.5 In retrospect, these might have been Arthus reactions. Before this meeting I wondered if precipitins to Farmer's Lung antigen had been looked for in sera from these horses. Dr. Reed now tells me he tested such sera provided by Dr. Lowell, and found none. Nevertheless, more work with this disease as a possible animal model is needed. For the future, it would be important to find out whether these animals actually develop physiologically important restrictive and diffusion abnormalities (as in our patients), rather than physiologic obstruction due to emphysema, as most have assumed.
Something similar may occur in cattle. Their respiratory disease has been reported to develop on migration from dry high-altitude summer pasture to wet "lush" lowland pasture in the intermountain region of the Western United States. The animals have severe dyspnea exaggerated by exercise. Death may occur during excitement or exertion. Although the disease has been termed "Acute Pulmonary Emphysema,"7 the anatomic changes (in only two animals, to be sure) were primarily interstitial edema and cellular infiltration, including eosinophiles.8 A similar problem with cattle exists in the United Kingdom, but carries the name of "fog fever." Recognizing a possible association with moldy hay exposure, Jenkins and Pepys tested sera of 28 animals with this diagnosis for precipitins to their Farmer's Lung antigen (prepared from Thermopolyspora polyspora) and found 71 per cent positive! None from 84 normal cattle was positive. 9 Admittedly, evidence for a hypersensitivity mechanism similar to human disease is still scanty and uncoordinated. Nevertheless, the clues are interesting and should stimulate further study to augment earlier work motivated primarily by the economic burden of these diseases.
POSSIBLE EXPERIMENTAL MODELS

Passive sensitization
In order to prove that the circulating antibody reacts with antigen to produce appropriate lung lesions, one must be able to demonstrate that such lesions develop when intravenous antibody (patient serum) is given to a normal recipient followed by appropriate inhalation challenge with antigen. Of animals best known to immunologists, the rabbit might be the most suitable, since pulmonary vasculature, rather than bronchial smooth muscle, is the shock tissue, and the lesions are associated with intravascular antigen-antibody precipitates.'0 The guinea pig is not suitable because of its marked bronchial sensitivity to inhaled antigens ("asthma") on one hand, and on the other, the absence of any significant effect of preformed antigen-antibody precipitates on guinea pig lung.' The published information on passive sensitization of sub-human primates with precipitating antibody is not particularly relevant, since the effect of inhalation challenge by antigen has not been studied." The crucial experiment would involve the passive sensitization of monkeys by intravenous injection of adequate amounts of patient serum or plasma (containing antibody), followed by inhalation of the appropriate antigen. This has not yet been done successfully.
Active sensitization
Passive sensitization experiments using human serum are limited by the amount of serum available and also may be complicated by possible nonspecific effects of human serum on lower animals and by the immune response of other species to this foreign serum. If experimental animals consistently developed their own antibody of the appropriate type following antigen injection (active sensitization), such problems could be avoided.
For reasons similar to those mentioned above, the rabbit might be the most appropriate of the usual laboratory animals. Actively sensitized (hyperimmunized) rabbits develop pulmonary vascular reactions after systemic antigen challenge, and the small pulmonary arterioles contain antigenantibody precipitates.'0 This is reminiscent of a point Dr. Kilburn made, that in lung disease associated with a diffusion abnormality, it is the small arterioles that are involved primarily.
Surprisingly, there is little in the vast literature on hyperimmunized rabbits concerning the effect of inhaled antigen. One report by Parish is relevant. Using moldy hay dust, he was able to produce precipitins in only 19 of 118 rabbits. Nevertheless, in 14 of those 19 animals, he reported . . with "pigeon fancier's disease." Note the diffuse involvemenit, as well as the large nodular cellular aggregates. At higlher magniification, these wsere seeni to contaill chronic inflammllatory cells, includinig plasnia cells, lymphocytes, rare multiniucleated giant cells, and large sheets of large finely vacuolated histiocytes. MIost of the alveolar septa were thickenied by similar cells.
.. very briefly that appropriate symptoms and signs developed after antigen inhalation after the appropriate lag period of five hours.'
Dr. Quentin Myrvik, who is a participant in this symposium, tells me that he has given antigen intratracheally to hyperimmunized rabbits with a high titer of precipitating antibody. They get "awfully sick" and the lungs look "terrible." Fever can also be produced immunologically in rabbits and this apparently depends on antigen reacting with precipitating antibodies."
Conceivably, sub-human primates would also make appropriate antibodies' but the few available reports on anaphylaxis are not encouraging; generalized vascular collapse with liver and gastrointestinal lesions is associated with some lung inflammation, but not that usually associated with antigen-antibody precipitates.' Nevertheless, the effect of inhaled antigen could be quite different and should be investigated.
Whatever species is used, inhalation or intrabronchial instillation of antigen is required for challenge. The proper conditions have not yet been worked out, and attempts to reproduce the disease (particularly the failures) remain unpublished. Further study of animals that have been actively sensitized undoubtedly will provide interesting new information, and there is a good chance that appropriate lung lesions will be produced eventually.
But what is the role of the circulating antibody? Is its reaction with antigen in the lung directly responsible for tissue damage, or is it merely an innocent bystander? This question can be answered only by passive transfer experiments.
